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FIELD OF THE INVENTION 

The present invention relates to a display panel comprising a first substrate 

and a second substrate being separated firom each other by spacers. 

The present invention ftirfher relates to a method of manufacturing a display 

panel. 

BACKGROUND OF THE INVENTION 

Display panels, e.g. display panels of tiie Liquid Crystal Display type (LCD- 
displays), are commonly used as computer displays, TV screens etc. An LCD-display has a 
first substrate and a second substrate confining between them a liquid crystalline material. 
Each of the substrates is provided with electrodes arranged to form pixels. By controlling the 
vollage suppUed to the electrodes it is possible to conlrol the orientation of the Uquid crystals 
and thus control Ihe Hght transmittance through the pixels of the display panel. 

In recent time it has become more interesting to use displays in new 
15 applications and in other environments than the traditional office or living room 

enviromnents. US 6,507,385 to Nishiyama et al discloses an LCD-display having a reduced 
sensitivity to varying ambient temperatures. The display panel disclosed by Nishiyama is, 
however, not very suilable for applications where the display panel is to be put on a articles 
of clothing or for outdoor use. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a display panel which 
decreases or eliminates the drawbacks of the prior art display panels and thus to provide a 
display panel which is suitable for different kinds of environmental conditions. This object is 
achieved with a display panel comprising a first substrate and a second substrate being 
separated fiom each other by spacers and sealing between them a space, at least one of the 
spacers being penetrated by a hole extending therethrough and through both of the substrates 
to form a through hole through the display panel, said at least one of the spacers and the 
substrates forming the wall of said throu^ hole and sealing the space firom the through hole. 
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The display panel according to the invention has the advantage that it is 
permeable to gases and/or Uquids. Thus it could be applied to an article of clothing, such as a 
shirt or a sweater. Since tiie display panel is permeable to gases the panel wiU not cause, or at 
least reduce, problems of sweating for the user. In other apphcations, such as road signs, 
advertising signs etc. the display panel will reduce the amount of wind caught be panel, 
reduce tiie amount of water collected on tiie panel and/or make washing easier. 

An advantage witii tiie measure according to claim 2 is tiiat tiie image 
displayed on the display panel is not distorted by the spacers and/or tixe tinough holes when 
each spacer having a trough hole is located outside the pixel area. 

An advantage of tiie measure according to claim 3 is tiiat tiie permeabiUty to 
gases and/or liquids of tiie display panel is evenly distributed over tiie surface of tiie panel 
when tiie tiirough holes are distributed over tiie surface of tiie display panel. Tliis has 
particular advantages in cases were the gas and/or liquid tiiat is to permeate tiie display panel 
is emitted ftom a surface, such as is tiie case witii sweat emitted from a human body. Also m 
cases of reducing tiie amount of wind caught by tiie display panel it is an advantage tiiat tiie 
tiirough holes are evenly distributed over tiie surface of tiie panel. 

An advantage of tiie measure according to claim 4 is tiiat tiie display panel wiU 
become more attractive and tiiat tiie tinough holes are turned into a design element. The 
spacers could be made of a colored or fluorescent material to obtain decorative effects. 

An advantage of tiie measure according to claim 6 is that a flexible or 
bendable display panel is suitable for appKcation to a surface which is not completely plane 
or which couldbe expected to change shape during use, such as is tiie case witii a display 
panel attached to a wearable product, such as a piece of clotiiing. 

An advantage of tiie measure according to claim 8 is tiiat tiie display panel is 
particularly suitable for integrating in wearable products since problems related to tiie 
"breatiiing" of tiie wearable product is avoided, or at least decreased, by tiie holes extending 

tiirough the display panel. 

An otiier object of tiie present invention is to provide a metiiod of makmg a 
display panel which decreases or eliminates tiie drawbacks of tiie prior art display panels and 
tiius to provide a metiiod of manufacturing a display panel which is suitable for different 
kinds of eavironmental conditions. This object is achieved witii a metiiod of manufacttiring a 
display panel, tiie method comprising tiie steps of 

providing spacers on one side of a first substiate. 



PHNL040270EPP 



3 04.03.2004 
providing a second substrate on said one side of the jBrst substrate such that the 
spacers hold the first and the second substrates separated ftom each other, 

forming a hole through at least one of the spacers and both of the substrates 
such that said at least one of the spacers and the substrates form the wall of the through hole, 
5 and 

sealing a space between the substrates and the spacers. 

An advantage with this method is that it provides an efficient way of 
manufacturing display panels that are permeable to gases and/or liquids. 

An advantage of the measure according to claim 10 is that the through holes 
10 can be made with a higher precision and also in very small sized spacers if they are made 
after the two substrates have been put together. In particular the forming of the through hole 
through the substrates and the spacer in one single moment provides for low costs of 
manufacturing and high accuracy of the through holes. 

An advantage of the measure according to claim 11 is that the liquid 
1 5 crystalline material is not subjected to any heat and mechanical strains that may occur during 
the step of forming the through hole or holes. 

An advantage of the measin-e according to claim 12 is that, in cases where the 
through holes are formed by drilling or another dust generating method, the contamination of 
the liquid crystal material by dust is avoided by sealing the liquid crystal material between 
20 the substrates before forming the through hole. 

An advantage of the measure according to claim 13 is that the methods 
mentioned are efficient in forming through holes without causing damage to the spacer 
and/or the substrates. In particular it is important that the spacer, after forming the througih 
hole, forms unbroken walls of the through hole such that the space is properly sealed from 
25 the environment to avoid that liquid crystalline material or gas leaks out from the display 
panel or that air enters the space as liie case may be for the display panel type in question. 

An advantage of the measure according to claim 14 is that the efficient 
forming of very small spacers are enabled. For a display panel that is to display rather small 
objects, i.e. a display panel in the same dimension as a lap top computer display, and which is 
30 permeable to gases the spacers must be small not to interfere with the image that is to be 
displayed. By forming the spacers by ink jet printing it is possible to control the location of 
the spacers, which is an advantage when the spacers, preferably in a subsequent step, are to 
the perforated to form through holes. 
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An advantage of the measure according to claim 15 is that the forming of 
small spacers with defined positions on a substrate in one sequence is enabled. As mentioned 
above, the defined location of the spacers is an advantage when forming through holes in the 
spacers. 

5 These and other aspects of the invention will be apparent firom and elucidated 

with reference to the embodiments described hereafter. 



BRIEF DESCRIPTrON OF THE DRAWINGS 

The invention will now be described in more detail and witih reference to the 
1 0 appended drawings in which: 

Fig. 1 is a cross section and shows a part of a display panel according to a first 
embodiment of the invention. 

Fig. 2 is a schematic cross section and shows seven steps in a first method of 
manufacturing a display panel according to the invention. 
15 Fig. 3 is a schematic cross section and shows three steps in a second method of 

manufacturing a display panel according to the invention. 

Fig. 4 is a three dimensional view and shows a display panel according to a 
second embodiment of the invention. 



20 DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 is a schematic section view of a display panel 1 according to a first 
embodiment of the invention. The display panel 1 has a first substrate 2, which is made firom 
a light-transmissive glass plate, and a second substrate 3, which may also be made of a light- 
transmissive glass plate. The two substrates 2, 3 are separated firom each other by means of a 

25 plurality of spacers, of which two spacers 4 are shown in Fig. 1 . The spacers 4 are attached to 
both substrates 2, 3 in a manner that will be described in fiarther detail below. A througji hole 
5 has been formed in each spacer 4, The through hole 5 extends through both substrates 2, 3 
and through the center of the respective spacer 4. Each Ihrough hole 5 has a circumferential 
inner wall 6 which is formed by the substrates 2, 3 and the spacer 4. The wall 6 seals the 

30 through hole 5 firom a sfpace 7 formed between the substrates 2, 3. 

The spacer 4, which could be made of an acrylic polymer material or another 
suitable material, could be provided with a color pigment or a fluorescent pigment to provide 
an attractive visual appearance of the display panel 1. 
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The first substrate 2 is provided with a first set of light-transmissive electrodes 
8 which could made from ITO (Indium Tin Oxide) or anoflier suitable material. The second 
s^strate 3 is provided wilh a second set of light-ttansmissive electrodes 9, which also could 
be made of ITO. The space 7 between the electrodes is filled with a liquid crystalline material 
10 based on the twisted nematic (TO), the supertwisted nematic (STO) or the ferroelectric 
e^ect so as to modulate the direction of polarization of incident light. The sets of electrodes 
8, 9 define between them a matrix of pbcels 1 1 . By controlling the voltage over each pixel 1 1 
it is possible to display a desued image on the display panel 1. 

As is indicated in Fig. 1 the spacers 4 are located besides the pixels 11 and the 
sets of electrodes 8, 9. Thus the tibrough holes 5 will not interfere or deteriorate the image 
displayed by the display panel 1 . It should also be noted that the wall 6 of the through hole 5 
forms a sealing preventing any liquid crystalline material 10 firom the escaping the space 7. 

The display panel 1 shown in Fig. 1 could be used in road sign and advertismg 
applications. The through holes 5, which could have a diamet^ of typically 0,2 to 5 mm, 
provides liquid drainage for the display panel, decreases the amount of wind caught by the 

display panel and makes cleaning easier. 

It is understood that the display panel 1 additionally could be provided with 

control means, one or more polarizers, Hght sources and other devices, that are not shown in 

Fig. 1 , as is well known to the person skilled m the art. 

Fig. 2 illustrates a first method of manufacturing a display panel according to 

the invention. The first me&od includes so called photoUthography for forming the spacers 4. 
In step (a) a set of light-ttansmissive electrodes 8 are provided on the first substrate 2. In step 
(b) a photosensitive polymer fihn 12, which could be an acryl-based negative resist, is 
provided on the first substrata 2. Then, in step (c), a mask 13 having e.g. circular holes 14 is 
held above the fihn 12 at the same time as the fihnl2 is e^osed to UV-radiation, 
represented by arrows 15. The UV radiation cures those parts of the fihn 12 that are e:q.osed 
to the UV-radiation. After exposure to UV-radiation fliose parts of the fihn 12 that were 
shadowed by the mask 13 can, m step (d) be washed away by means of a suitable fluid 
leaving only &e spacers 4 on the substrate 2. In step (e) a seaUng strip 16 is attached to the 
first substrate 2 around its circumference. The first substrate 2 having the spacers 4 attached 
to one side 17 thereof is then, in step (f), put on the second substrate 3, having provided 
thereon the second set of electrodes 9, in such a way that the side 17 of the first substrate 2 
faces the second substrate 3. A thin layer of glue has been provided on the top of each spacer 
4 to assure a secure attachment to the second substrate 3. 
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Finally, in step (g), through holes 5 are drilled through each spacer 4 aad the 
substrates 2, 3, The through holes 5 may be made by stamping, mechanical drilling, laser 
drilling, powder blasting, water jetting or any other method suitable for making through holes 
in the substrates 2, 3 and the spacers 4. The through holes 5 preferably extend in a direction 
5 being substantially perpendicular to the substrates 2, 3, i.e. perpendicular to a viewing surface 
1 8, being the surface on which the displayed image is to be viewed, of the thus formed 
display panel 1 . It will be appreciated that each through hole 5 is preferably made in the 
center of the respective spacer 4 such that the wall 6 of the hole 5 will provide proper sealing 
of the space 7 formed between the substrates 2, 3 from the surroxmdings. Thus the contact 

10 area between the respective spacer 4 and the first substrate 2 and the contact area between the 
respective spacer 4 and the second substrate 3, before forming the hole 5, both need to be 
larger than the area of the hole 5 to provide proper sealing of the hole 5 firom the space 7. 
After forming the through holes 5 a liquid crystalline material (not shown in Fig. 2) is added 
to the space 7 formed between the substrates 2, 3 and the display panel 1 is ready for use. 

15 Fig. 3 illustrates a second method of forming a flexible display panel 

according the invention. This second method comprises ink jet printing spacers on a 
substrate. In step (a) a first plastic substrate 102 is moved horizontally at a continuous speed, 
indicated by the arrow V, imder a piezo ink jet pump 120 having a nozzle 122. The nozzle 
122 ejects, at predetermiued time intervals, drops of acrylic material, indicated by a drop 112, 

20 on one side 1 17 of the first substrate 102, The drops 1 12 wiU land on and attach to the first 
substrate 102 at mutual distances L depending on the speed V of the first substrate 102 and 
the frequency at which the nozzle 122 ejects the drops 112. The drops 1 12 will then pass 
under a UV curing hood 124. The hood 124 is equipped with a UV lamp 126 and a pipe 128 
for supplying an inert gas, such as nitrogen, N^, to the hood 124. When passing under the 

25 hood 124 the drops 112 become cured to form spacers 104. The spacers 104 are then 

provided with a suitable glue on their top portions. In step (b) a second plastic substrate 103 
is put on top of the first substrate 102 in such a manner that the side 1 17, having the sfpacers 
104 attached thereto, of the first substrate 102 faces the second substrate 103 and that the 
spacers 104 are securely attached to the second substrate 103. Due to the spacers 104 

30 separatmg the substrates 102, 103 from each other a space 107 is formed between the two 

substrates 102, 103. In step (c) through holes 105 are formed through some of the spacers 104 
and the substrates 102, 103. The through holes 105 could be formed with the help of laser 
drilling or a similar method and are preferably perpendicular to a viewing surface 1 1 8. In 
each through hole 105 the substrates 102, 103 and the respective spacer 104 form the wall 
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106 of the through hole 105 such that there is no contact between the space 107 and the 
through hole 105. The space 107 is then filled with a liquid crystalline material (not shown in 
Fig 3) to form a display panel 100, which is flexible and suitable for Ihe attachment to a piece 
of clothing. It will be appreciated that the material dropped on the substrate to form the 
5 spacers could be any suitable type of monomers, polymers, reactive polymers or a mixture of 
two or three of these components. 

Fig. 4 indicates a second embodiment of the invention in the form of a flexible 
display panel 200 adapted to be integrated in a wearable product, such as in a piece of 
clothing, such as a sweater. The display panel 200 could be made in accordance with one of 

10 the methods described above. Thus the display panel 200 has first through holes 205 and 

second throu^ holes 215. The first through holes 205, each of which extend through a spacer 
and two plastic substrates, and thus through the display panel 200, in a manner similar to 
what has been described with reference to Fig. 1 above, have a diameter of about 10 
micrometers. As is indicated in Fig. 4 the throu^ holes 205 form a number of rows 225 of 

15 through holes 205, the distance R between two adjacent rows 225 being about 0,3 mm. The 
distance A between the individual through holes 205 of each row 225 is also about 0,3 mm. 
As is indicated in Fig. 4 the first through holes 205 are substantially evenly distributed over a 
viewing surface 218 of the display panel 200, the viewing surface 218 being the siarface of 
the display panel 200 that is intended to face a person watching what is displayed on the 

20 display panel 200, The main purpose of the first through holes 205 is to make the display 
panel 200 permeable such that sweat in vapor form may be transferred through the display 
panel 200 via the through holes 205. Thus a person wearing a sweater having the display 
panel 200 attached thereto will not feel any discomfort. 

The second through holes 215 are located around the periph^ of the display 

25 panel 200. The second through holes 215, which may also be formed according to one of the 
methods described above and each of which extend through a respective spacer and two 
substrates, have a diameter of about 1 mm. The purpose of the second through holes 215 is to 
form holes for a Ihread that is used for sewing the display panel 200 on the sweater. 

It will be appreciated that numerous modifications of the embodiments 

30 described above are possible within the scope of the appended claims. 

Thus, for example, the diameter of the through holes could be varied in 
accordance with the application of the display panel. Thus display panels intended for use on 
pieces of clothing could be provided with through holes having a diameter of about 1-500 
micrometers for the purpose of allowing sweat in the form of vapor to permeate through the 
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display panel. Display panels used as road signs or advertising signs could be provided with 
through holes having a diameter of about 0,5-50 nmi for tiie pmpose of providing drainage of 
water, niaking cleaning easier and reducing the amount of wind caught by the display panel. 

Above it is described that the through holes are formed after the second 
subslrate has been attached to the spacers attached to the first substrate. It is of course also 
possible to foim holes in the substrates and in Hie spacers before they are put together and put 
them together in such a manner that the holes of the first and second substrates are aligned 
with the holes in the spacers such that tough holes having sealed walls are formed after 
assembly of the spacers and substrates. However, m particular when forming very small 
through holes, such as through holes with a diameter of less than about 0,5 mm, it is an 
advantage to attach the substrates to the spacer first and flien form the through holes through 
the substrates and the respective spacer in one operation to ensure a proper aligmnent of the 

through holes through the spacers. 

With reference to Fig. 2 it is described above how through holes 5 are formed 
through the spacers 4 and the substrates 2, 3. In addition to this it is also possible to form 
similar though holes through the sealing strip 16 and the substirates 2, 3. In particular in cases 
where the sealing strip 1 6 is relatively duck tin-ough holes similar to die second tiirough holes 
215 described above with reference to Fig. 4, could be formed through tixe sealing stiip 16 
and the substrates 2, 3. Such through holes through the sealing stiip 1 6 could be made with 
20 the purpose of forming holes for sewing the display panel to a piece of clothing. 

In an alternative embodiment of the method described with reference to Fig. 3 
the UV lamp 126 is instead placed under the first substrate 102 and illuminates the drops 1 12 
of acryUc material from below via the first substrate 102. The curing by the UV Ian,) 126 is 
conti-olled in such a way that die drops 1 12 are cured at their intBrfece with the first substrate 
102 but remain uncured and sticky at their top portions. When the second substrate 103 is put 
on top of the first substrate 102 the drops 1 12 will thus stick to the second substrate 103. In a 
second curing step tiie drops 112 will then be cured completely and ensure the firm 
attachment of the substrates 102, 103 witiiout die need for any glue. 

As indicated above different materials may be used both for die spacers and 
for the substrates. Thus die substrates may be made of glass or even steel in the case of rigid 
display panels and could be made of plastic materials in die case a flexible display panel is 
desired. 

The embodiments described above refer to liquid crystal display panels. The 
invention is however also applicable for odier display panels where a permeation of gases or 
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liquids through the display panel is desired and where it is required to seal a space, which 
may be filled with liquid ctystal material, or a noble gas, or is evacuated, firom Ihe 
surroxmdings. Examples of such displays are the above mentioned liquid crystal displays, 
field emission displays, electro-wetting displays, foil displays, polyled displays, fluorescent 
5 displays, touch screen or pressure-sensitive displays, and other types of display panels- 
Above it is described that the through holes have a circular cross section. It 
will be appreciated that the through holes could have other cross sections, such as square and 
oval cross section. It is also possible to form through holes having the cross section of an 
elongated slot. 

10 To summarize a display panel 1 has a first substrate 2 and a second substmte 

3. The substrates 2, 3 are provided with electrodes 8, 9 and are separated firom each other by 
a plurality of spacers 4. Holes 5 extend through the spacers 4 and the substrates 2, 3 and thus 
form through holes 5 extending through the display panel 1 making it permeable to gases 
and/or liquids. The substrates 2, 3 and the spacer 4 form the wall 6 of the respective through 

1 5 hole 5 and thus a space 7 can be sealed between the two substrates 2, 3 without any risk of 
leakage. 

The invention is not restricted to the described embodiments. It can be altered 
in different ways within the scope of the appended claims. 
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CLAIMS: 



1 A display panel comprising a first substrate (2; 102) and a second substrate (3; 

103) being separated ftom each other by spacers (4; 104) and sealing between 1hem a space 
(7), at least one of Ihe spacers (4; 104) being penetrated by a hole extending therethrough and 
through bolh of the substrates (2, 3; 102, 103) to form a through hole (5; 105; 205; 215) 
5 through the display panel (1; 100; 200), said at least one of the spacers (4; 104) and the 

substrates (2, 3; 102, 103) forming the waU (6; 106) of said through hole (5; 105) and sealing 
the space (7) firom the through hole (5; 105). 

2. A display panel according to claim 1, m which each spacer (4) having a 
10 through hole (5) is located outside fee pixel areas (1 1) of the display panel (1). 

3. A display panel according to claim 1 or 2, in which a plurality of through 
holes (5; 205), each extending through a respective one of the spacers (4) and through both of 
the substrates (2, 3) to form a Ihrough hole (5; 205) through the display panel (1; 200), are 

15 distributed over the surface (218) of the display panel (1; 200). 

4. A display panel according to any one of claims 1-3, in which Ihe spacers (4; 
104) are made of a visually decorative material. 



20 5. A display panel according to any one of claims 1-4, in which the display panel 

is an LCD-display (1; 100; 200), a foil display, an electro-wetting display, apolyled display, 
a ~ 



, fluorescent display, or a touch screen or pressure-sensitive display. 



6. A display panel according to any one of claims 1 -5, in which the display panel 

25 (100; 200) is flexible or bendable and/or has flexible substrates. 



7 A display panel according to any one of claims 1-6, in which the display panel 

(100) has aplastic (102, 103) or steel substrate. 
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8. A display panel according to any one of claims 1-7. in wHch the display panel 
(200) is adapted to be integrated in a wearable product 

9. A method of manufacturing a display panel, comprising the steps of 
providing spacers (4; 104) on one side (17; 1 17) of a first substrate (2; 102), 
providing a second substrate (3; 103) on said one side (17; 1 17) of the first 

subslrate (2; 102) such that the spacers (4; 104) hold Uie first and the second substrates (2, 3; 

102, 103) separated firom each other, 

forming a hole (5; 105) through at least one of the spacers (4; 104) and both of 
the substrates (2, 3; 102, 103) such that said at least one of the spacers (4; 104) and the 
substrates (2, 3; 102, 103) form the wall (6; 106) of the through hole (5; 105), and 

seahng a space (7; 107) between the substrates (2, 3; 102, 103) and the spacers 

(4; 104). 

10. A method according to claim 9, in which said through hole (5; 105) is fonned 
after the step of providing the second substrate (3; 103) on said one side (17; 1 17) of the first 
substrate (2; 102). 

11. A method according to claim 9, in which a Hquid crystalline material (10) is 
sealedbetweentiie substrates (2, 3; 102, 103) and the spacers (4; 104) after the step of 
farming said throu^ hole (5; 105). 

12. A method according to claim 9, in which a Uquid crystalline material (10) is 
sealed between the substrates (2, 3; 102, 103) and the spacers (4; 104) before the step of 
forming said through hole (5; 105). 

13. A method according to claim 9, in which said through hole (5; 105) is formed 
by a method chosen among stamping, mechanical drilling, laser drilling, powder blasting and 
water jettmg. 

14. A method according to any one of claims 9-13, in which the spacers (104) are 
made by ink jet printing monomers, polymers, reactive polymers or a mixture of two or three 
of these components (112) on the first substirate (102) followedby one or more curing st^s. 
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15. A method according to any one of claims 9-13, in which the spacers (4) aie 

made by forming a photosensitive film (1 2) on the first substrate (2) foUowed by illumination 
and removal of those parts of the fihn (12) surrounding those parts that are to become the 
spacers (4). 
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ABSTRACT: 



A display panel (1) has a first substrate (2) and a second substrate (3). The 
substrates (2, 3) are provided with electrodes (8, 9) and are separated fix)m each other by a 
plurality of spacers (4). Holes (5) extend through the spacers (4) andflie substrates (2, 3) and 
Ihus form through holes (5) extending Ihrough the display panel (1) making it permeable to 
gases and/or liquids. The subslrates (2, 3) and the spacer (4) form the wall (6) of Ihe 
respective Ihrough hole (5) and thus a space (7) can be sealed between the two substrates (2, 
3) without any risk of leakage. 



Fig.l 
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FIELD OF THE INVENTION 

The present invention relates to a display panel comprising a first substrate 

and a second substrate being separated from each other by spacers. 

The present invention ftirther relates to a method of manufacturing a display 

5 panel. 

BACKGROUND OF THE INVENTION 

Display panels, e.g. display panels of lie Liquid Crystal Display type (LCD- 
displays), are commonly used as computer displays, TV screens etc. An LCD-display has a 
10 first substrate and a second substrate confining between them a liquid crystalline material. 

Each of the substrates is provided with electrodes arranged to form pixels. By controllmg the 
voltage supplied to tHe electrodes it is possible to control the orientation of the liquid crystals 
and thus control the Ught transmittance through the pixels of the display panel. 

In recent time it has become more interesting to use displays in new 
15 applications and in other enviromnents than the traditional office or living room 

enviromnents. US 6,507,385 to Nishiyama et al discloses an LCD-display having a reduced 
sensitivity to varying ambient temperatures. The display panel disclosed by Nishiyama is, 
however, not very suitable for appUcations where tixe display panel is to be put on a articles 
of clothing or for outdoor use. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a display panel which 
decreases or eliminates the drawbacks of tiie prior art display panels and thus to provide a 
display panel which is suitable for different kinds of environmental conditions. Tins object is 
achieved with a display panel comprising a first substrate and a second substrate being 
separated firom each otiierby spacers and sealing between tiiem a space, at least one of tiie 
spacers being penetrated by a hole extending therethrough and tiirough both of tiie substrates 
to form a through hole through the display panel, said at least one of the spacers and tiie 
substrates forming the waU of said through hole and sealing the space firom tiie tinrough hole. 
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The display panel according to the invention has the advantage that it is 
permeable to gases and/or liquids. Thus it could be applied to an article of clothing, such as a 
shirt or a sweater. Since the display panel is permeable to gases the panel will not cause, or at 
least reduce, problems of sweating for the user. In other appKcations, such as road signs, 
advertising signs eto. tixe display panel will reduce the amount of wmd caught be panel, 
reduce tiie amount of water collected on the panel and/or make washing easier. 

An advantage with flie measure according to claim 2 is tiiat the image 
displayed on tiie display panel is not distorted by the spacers and/or tiie tiirough holes when 
each spacer having a trough hole is located outside the pbcel area. 

An advantage of tiie measure according to claim 3 is tiiat tiie permeabiUty to 
gases and/or liquids of tiie display panel is evenly distiibuted over tiie surfece of flie panel 
when tiie tiirough holes are distributed over tiie surface of tiie display panel. This has 
particular advantages in cases were tiie gas and/or liquid tiiat is to permeate tiie display panel 
is emitted ftom a surface, such as is tiie case witii sweat ctmited fixmi a human body. Also in 
cases of reducing tiie amount of wind caught by tiie display panel it is an advantage tiiat tiie 
tiirough holes are evenly distiibuted over tiie surface of tiie panel. 

An advantage of tiie measure according to claim 4 is tiiat tiie display panel will 
become more attractive and tiiat tiie tiirough holes are turned into a design element. Tlie 
spacers couldbe made of a colored or fluorescent material to obtain decorative effects. 

An advantage of tiie measure according to claim 6 is tiiat a flexible or 
bendable display panel is suitable for application to a surfece which is not completely plane 
or which couldbe expected to change shape during use, such as is tiie case witii a display 
panel attached to a wearable product, such as a piece of clotiiing. 

An advantage of tiie measure according to claim 8 is tiiat tiie display panel is 
25 particularly suitable for integrating in wearable products since problems related to tiie 

"breatiiing" of tiie wearable product is avoided, or at least decreased, by tiie holes extending 

through the display panel. 

An other object of tiie present invention is to provide a mefliod of making a 
display panel which decreases or eliminates tiie drawbacks of tiie prior art display panels and 
30 tiius to provide a metiiod of manufactiiring a display panel which is suitable for different 

kinds of environmental conditions. This object is achieved witii a metiiod of manufacturing a 
display panel, the method conaprising the steps of 

providing pacers on one side of a first substrate. 
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providing a second substrate on said one side of the first substrate such that the 
spacers hold the first and the second substrates separated firom each other, 

forming a hole through at least one of the spacers and both of the substrates 
such that said at least one of the spacers and the substrates form the wall of the through hole, 
and 

sealing a space between the substrates and the spacers. 
An advantage with this method is that it provides an efficient way of 
manufectuiing display panels that are permeable to gases and/or liquids. 

An advantage of the measure according to claim 10 is that the through holes 
can be made with a higher precision and also in very small sized spacers if they are made 
after the two substrates have been put together. In particular the forming of the through hole 
through the substrates and the spacer in one single moment provides for low costs of 
manufecturing and high accuracy of the through holes. 

An advantage of the measure according to claim 1 1 is that the Kquid 
crystalliBe material is not subjected to any heat and mechanical strains that may occur during 
the step of forming the through hole or holes. 

An advantage of the measure according to claim 12 is that, in cases where the 
through holes are formedby drilling or another dust generating method, the contamination of 
the liquid crystal material by dust is avoidedby sealing tiie Uquid crystal material between 
20 the substrates before forming the throu^ hole. 

An advantage of the measure according to claim 13 is that the methods 
mentioned are efficient in forming through holes without causing damage to the spacer 
and/or the substrates. In particular it is important that tiie spacer, after forming the through 
hole, forms unbroken walls of the through hole such that the space is properly sealed firom 
the Environment to avoid that liqmd crystalline material or gas leaks out firom the display 
panel or that air enters the space as the case may be for tiie display panel type in question. 

An advantage of tiie measure according to claim 14 is tiiat flie efficient 
forming of very small spacers are enabled For a display panel that is to display ratiier small 
objects, i.e. a display panel in tiie same dimension as a lap top computer display, and which is 
30 permeable to gases tiie spacers must be small not to interfere witii tiie image tiiat is to be 

displayed By forming tiie spacers by ink jet printing it is possible to control tiie location of 
tiie spacers, which is an advantage when tiie spacers, preferably in a subsequent step, are to 
tiiie perforated to form tiirough holes. 
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An advantage of the measure according to claim 15 is that the forming of 
small spacers with defined positions on a substrate in one sequence is enabled. As mentioned 
above, the defined location of the spacers is an advantage when forming through holes in the 
spacers. 

5 These and other aspects of the invention will be apparent fl^om and elucidated 

with reference to the embodiments described hereafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in more detail and with reference to the 
1 0 appended drawings in which: 

Fig. 1 is a cross section and shows a part of a display panel according to a first 
embodiment of the invention. 

Fig. 2 is a schematic cross section and shows seven steps in a first method of 
manufacturing a display panel according to the invention. 
15 Fig. 3 is a schematic cross section and shows three steps in a second method of 

manufacturing a display panel according to the invention. 

Fig. 4 is a three dimensional view and shows a display panel according to a 
second embodiment of the invention. 

20 DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 is a schematic section view of a display panel 1 according to a first 
embodiment of the invention. The display panel 1 has a first substrate 2, which is made firom 
a light-transmissive glass plate, and a second substrate 3, which may also be made of a light- 
transmissive glass plate. The two substrates 2, 3 are separated firom each other by means of a 

25 plurality of spacers, of which two spacers 4 are shown in Fig. 1 . The spacers 4 are attached to 
both substrates 2, 3 in a manner that will be described in fiirther detail below. A through hole 
5 has been formed in each spacer 4. The through hole 5 extends through both substrates 2, 3 
and through the center of the respective spacer 4, Each through hole 5 has a circumferential 
inner wall 6 which is formed by the substrates 2, 3 and the spacer 4. The wall 6 seals the 

30 through hole 5 firom a space 7 formed between the substrates 2, 3. 

The spacer 4, which could be made of an acrylic polymer material or another 
suitable material, could be provided with a color pigment or a fluorescent pigment to provide 
an attractive visual appearance of the display panel 1. 
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The first substrate 2 is provided with a first set of Ught-transmissive electrodes 
8 which could made firom ITO (Indium Tin Oxide) or another suitable material. The second 
s^slrate 3 is provided wilh a second set of light-transmissive electrodes 9, which also could 
be made of ITO. The space 7 between the electrodes is filled with a liquid crystalUne material 
10 based on the twisted nematic (TN), Ihe supertwisted nematic (STN) or the ferroelectric 
effect so as to modulate Ihe direction of polarization of incident light. The sets of electrodes 
8, 9 define between tiiem a matrix of pixels 11. By conteolling the voltage over each pixel 11 
it is possible to display a desired image on the display panel 1. 

As is indicated in Fig. 1 flie spacers 4 are located besides the pbcels 1 1 and Ihe 
sets of electrodes 8, 9. Thus the through holes 5 will not interfere or deteriorate the image 
displayed by the display panel 1 . It should also be noted that the wall 6 of toough hole 5 
forms a sealing preventing any liquid crystalline material 10 firom the escaping the space 7. 

The display panel 1 shown in Fig. 1 could be used in road sign and advertising 
^pUcations. The through holes 5, which could have a diameter of typically 0,2 to 5 mm, 
provides liquid drainage for the display panel, decreases the amount of wind caught by Ihe 
display panel and makes cleaning easier. 

It is understood that the display panel 1 additionally could be provided witii 
control means, one or more polarizers, Ught sources and other devices, that are not shown in 
Fig. 1 , as is well known to the person skilled in the art. 

Fig. 2 illustrates a first method of manufecturing a display panel according to 
the invention. The first method includes so called photolithography for forming the spacers 4. 
m step (a) a set of Hght-txansmissive electrodes 8 axe provided on the first substrate 2. In step 
(b) aphotosensitive polymer fihn 12, which couldbe an acryl-based negative resist, is 

provided on the first substrate 2. Then, in step (c), a mask 13 having e.g. circular holes 14 is 
held above the fihn 12 at the same time as the fihn 12 is ei^osed to UV-radiation, 
representedby arrows 15. The UV radiation cures those parts of the fihn 12 that are exposed 
to the UV-radiation. After exposure to UV-radiation fliose parts of the fihn 12 that were 
shadowed by the mask 13 can, in step (d) be washed away by means of a suitable fluid 
leaving only the spacers 4 on the substrate 2. m step (e) a sealing strip 16 is attached to the 
first substrate 2 around its circumference. The first substrate 2 having the spacers 4 attached 
to one side 17 thereof is then, in step (f), put on the second substrate 3, having provided 
thereon the second set of electrodes 9, in such a way that the side 17 of the first substrate 2 
faces the second substrate 3. A thin layer of glue has been provided on the top of each spacer 
4 to assure a secure attachment to the second substrate 3. 
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Finally, in step (g), through holes 5 are drilled through each spacer 4 and fhc 
substrates 2, 3. Hie through holes 5 may be made by stamping, mechanical drilling, laser 
drilling, powder blasting, water jetting or any other method suitable for making tough holes 
in the substrates 2, 3 and the spacers 4. Hxe tough holes 5 preferably extend in a direction 
5 being substantially perpendicular to the substrates 2, 3, i.e. perpendicular to a viewing surface 
18, being the surfece on which the displayed image is to be viewed, of the thus formed 
di^lay panel 1. It will be predated that each tough hole 5 is preferably made in the 
center of Ae respective spacer 4 such that Ihe wall 6 of the hole 5 will provide proper sealing 
of the space 7 formedbetween the subslmles 2, 3 fix,m the surroundings. THus the contact 
10 area between Ihe respective spacer 4 and the first substrate 2 and Uie contact area between the 
respective spacer 4 and ihe second substrate 3, before forming the hole 5, boHi need to be 
larger than Ihe area of the hole 5 to provide proper sealing of the hole 5 from the space 7. 
After forming the tough holes 5 a Uquid crystalline material (not shown in Fig. 2) is added 
to the space 7 formed between the substrates 2, 3 and the display panel 1 is ready for use. 

Fig. 3 illustrates a second method of forming a flexible display panel 
according the invention. This second method comprises ink jet printing spacers on a 
substrate. In step (a) a first plastic substrate 102 is moved horizontally at a continuous speed, 
indicated by tiie arrow V, under apiezo ink jet pump 120 having a nozzle 122. Hie nozzle 
122 ejects, at predetermined time intervals, drops of acrylic material, indicated by a drop 1 12, 
on one side 117 of flie first substrate 102. The drops 1 12 wiU land on and attach to tiie first 
substmte 102 at muti^al distances L depending on ihe speed V of the first substirate 102 and 
tiie frequency at which the nozzle 122 ejects the drops 112. The drops 112 will then pass 
under a UV curing hood 124. The hood 124 is equipped with a UV lamp 126 and a pipe 128 
for supplying an inert gas, such as nitrogen, N., to tixe hood 124. When passing under Ihe 
25 hood 124 tiie drops 112 become cured to form spacers 104. The spacers 104 are tiien 

provided witii a suitable glue on tiieir top portions. In step (b) a second plastic substrate 103 
is put on top of tiie first substrate 102 in such a manner tiiat tiie side 1 17, having tiie spacers 
104 attached tiiereto, of tiie first substrate 102 faces tiie second substiate 103 and tiiat tiie 
spacers 104 are securely attached to the second substiate 103. Due to the spacers 104 
30 separating tiie substrates 102, 103 from each otiier a space 107 is formedbetween tiie two 

substiates 102, 103. In step (c) tough holes 105 are formed through some of tiie spacers 104 
and tiie substiates 102, 103. The tough holes 105 could be formed witii tiie help of laser 
drilling or a similar metiiod and are preferably perpendicular to a viewing surface 1 1 8 . In 
each tough hole 105 tiie substiates 102, 103 and tiie respective spacer 104 form tiie wall 
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106 of the through hole 105 such that there is bo contact between the space 107 and flie 
through hole 105. The space 107 is then filled with a liquid crystalline material (not shown in 
Fig 3) to form a display panel 1 GO, which is flexible and suitable for the attachment to a piece 
of clothing. It will be appreciated that the material dropped on the substrate to form the 
spacers could be any suitable type of monomers, polymers, reactive polymers or a mixture of 

two or three of these components. 

Fig. 4 indicates a second embodiment of the invention in the form of a flexible 
display panel 200 adapted to be integrated in a wearable product, such as in a piece of 
clothing, such as a sweater. The display panel 200 could be made in accordance with one of 
the methods described above. Hius the display panel 200 has first lOmjugh holes 205 and 
second through holes 215. The first through holes 205, each of which extend through a spacer 
and two plastic substrates, and thus through the display panel 200, in a manner similar to 
what has been described with reference to Fig. 1 above, have a diameter of about 10 
micrometers. As is indicated in Fig. 4 the tough holes 205 form a number of rows 225 of 
tough holes 205, the distance R between two adjacent rows 225 being about 0,3 mm. The 
distance A between the individual through holes 205 of each row 225 is also about 0,3 mm. 
As is indicated in Fig. 4 the first tough holes 205 are substantially evenly distributed over a 
viewing surfece 218 of the display panel 200, the viewmg surface 218 being the surface of 
the display panel 200 that is intended to fece a person watching what is displayed on fee 
display panel 200. The main purpose of the first tough holes 205 is to make the display 
panel 200 permeable such that sweat in vapor form may be transferred tough the display 
panel 200 via the tou^ holes 205 . Thus a person wearing a sweater having the display 
panel 200 attached thereto will not feel any discomfort. 

The second tough holes 215 are located around the periphery of the display 
panel 200. The second tough holes 215, which may also be formed according to one of the 
methods described above and each of which extend tough a respective spacer and two 
subslxates, have a diameter of about 1 mm. The purpose of the second tough holes 215 is to 
form holes for a toad that is used for sewing the display panel 200 on the sweater. 

It will be appreciated that numerous modifications of the embodiments 
described above are possible wito the scope of the appended claims. 

Thus, for example, the diameter of the tough holes could be varied in 
accordance with tiie ^Hcation of the display panel. Thus display panels intended for use on 
pieces of clothing could be provided with tough holes havingadiameter of about 1-500 
micrometers for the purpose of allowing sweat in the form of v^or to permeate tough flie 
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display panel. Display panels used as road signs or advertising signs could be provided wMi 
tough holes having a diameter of about 0,5-50 mm for the purpose of providing drainage of 
water, making cleamng easier and reducing the amount of wind caught by the display panel. 

Above it is described that the through holes are formed after the second 
substrate has been attached to the spacers attached to the first substrate. It is of course also 
possible to fom holes in the substrates and in the spacers before they are put together and put 
Ihem together in such a manner flrnt the holes of the first and second substrates are aligned 
with liie holes in the spacers such that through holes having sealed walls are formed after 
assembly of the spacers and substrates. However, in particular when forming very small 
through holes, such as tough holes with a diameter of less than about 0,5 mm, it is an 
advantage to attach the substrates to tiie spacer first and then form the tough holes tough 
the substrates and the respective spacer in one operation to ensure aproper aHgmnent of the 

through holes through the spacers. 

With reference to Fig. 2 it is described above how tough holes 5 are formed 
tough the spacers 4 and the substrates 2, 3. In addition to this it is also possible to form 
similar though holes tough tiie sealing strip 16 and the substrates 2, 3. In particular in cases 
where the sealing strip 16 is relatively iMck tough holes similar to the second tough holes 
215, described above with reference to Fig. 4, could be formed tough the sealing strip 16 
and'the substrates 2, 3. Such tough holes tough the sealing strip 16 could be made with 
the purpose of forming holes for sewing the display panel to a piece of clothing. 

In an alternative embodiment of the method described with reference to Fig. 3 
the UV Ian?) 126 is instead placed under the first substrate 102 and illuminates the drops 1 12 
of acryUc material fix>m below via the first substrate 102. The curing by the UV lamp 126 is 
controlled in such a way that the drops 1 12 are cured at their interfece with the first substrate 
102 but remain uncured and sticky at their top portions. When the second substrate 103 is put 
on top of the first substrate 102 the drops 112 will thus stick to the second substmte 103. In a 
second curing step the drops 112 will then be cured completely and ensure the firm 
attachment of the substrates 102, 103 without the need for any glue. 

As indicated above different materials may be used both for the spacers and 
for the substrates. Thus the substrates may be made of glass or even steel in the case of rigid 
display panels and could be made of plastic materials in the case a flexible display panel is 
d^ired 

The embodiments described above refer to Uquid crystal display panels. The 
invention is however also ^licable for other display panels where a permeation of gases or 
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Uquids through the display panel is desired and where it is required to seal a space, which 
may be fiUed with Uquid crystal material, or a noble gas, or is evacuated, from the 
surroundings. Examples of such displays are the above mentioned liquid crystal displays, 
field emission displays, electro-wetting displays, foil displays, polyled displays, fluorescent 
displays, touch screen or pressure-sensitive displays, and olher lypes of display panels. 

Above it is described that the through holes have a circular cross section. It 
wiU be appreciated that the through holes could have other cross sections, such as square and 
oval cross section. It is also possible to form through holes having the cross section of an 
elongated slot. 

To summarize a display panel 1 has a first substrate 2 and a second substrate 
3 . The substrates 2, 3 are provided with electrodes 8, 9 and are separated fiom each other by 
a plurality of spacers 4. Holes 5 extend through the spacers 4 and flie substrates 2, 3 and thus 
form through holes 5 extending through the display panel 1 makmg it permeable to gases 
and/or liquids. The substrates 2, 3 and the spacer 4 form the wall 6 of flie respective through 
hole 5 and thus a space 7 can be sealed between the two substrates 2, 3 wifliout any risk of 
lealsage. 

The invention is not restricted to the described embodiments. It can be altered 
in different ways within the scope of the fended claims. 
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CLAIMS: 



1. A display panel comprising a first substrate (2; 102) and a second substrate (3; 
103) being separated from each other by spacers (4; 104) and sealing between Uiem a space 
(7), at least one of the spacers (4; 104) being penetrated by a hole extending Iherethrough and 
through both of the substrates (2, 3; 102, 103) to form a through hole (5; 105; 205; 21 5) 

5 through the display panel (1; 100; 200), said at least one of the spacers (4; 104) and the 

substrates (2, 3; 102, 103) forming Ihe wall (6; 106) of said through hole (5; 105) and sealing 
the space (7) flrom the through hole (5; 105). 

2. A display panel according to claim 1, in which each spacer (4) having a 
10 through hole (5) is located outside the pixel areas (1 1) of the display panel (1). 

3. Adisplaypanelaccordingtoclaiml or2,inwhichapluraKtyofthrough 
holes (5; 205), each extending through a respective one of the spacers (4) and through both of 
the substeates (2, 3) to form a through hole (5; 205) through ihe display panel (1; 200), are 

15 distributed over Ihe surface (218) of the display panel (1; 200). 

4. A display panel accordmg to any one of claims 1-3, in which the spacers (4; 
104) are made of a visually decorative material. 



20 5. Adisplaypanelaccordingtoanyoneofclaims 1-4, in which the display panel 

is an LCD-display (1; 100; 200), a foil display, an electro-wetting display, apolyled display, 
a:~ 



. fluorescent display, or a touch screen or pressure-sensitive display. 



6. Adisplay panel according to any one of claims 1-5. in which the display panel 

25 (100; 200) is flexible or bendable and/or has flexible substrates. 



7. A display panel according to any one of claims 1-6, in which the display panel 

(100) has aplastic (102, 103) or steel substrate. 
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8. A display panel according to any one of claims 1-7, in wHch the display panel 
(200) is ad^ted to be integrated in a wearable product. 

9. A method of manufacturing a display panel, comprising the steps of 
providing spacers (4; 104) on one side (17; 1 17) of a first substrate (2; 102), 
providing a second substrate (3; 103) on said one side (17; 1 17) of the first 

substrate (2; 102) such lhat the spacers (4; 104) hold Ihe first and the second substrates (2, 3; 

102, 103) separated firom each other, 

forming ahole (5; 105) through at least one of tiie spacers (4; 104) and both of 
the substrates (2, 3; 102, 103) such that said at least one of Ihe spacers (4; 104) and the 
substrates (2, 3; 102, 103) form the wall (6; 106) of the Ihrough hole (5; 105), and 

sealing a space (7; 107) between the substrates (2, 3; 102, 103) and the spacers 

(4; 104). 

10. A method according to claim 9, in which said through hole (5; 105) is formed 
after the step ofproviding the second substrate (3; 103) on said one side (17; 117) of the first 

substrate (2; 102). 

11. A method according to claim 9, in which a Uquid crystalline material (10) is 
sealedbetweenihe substrates (2, 3; 102, 103) and the spacers (4; 104) after the step of 
forming said Ihrough hole (5; 105). 

12. A method according to claim 9, in which a liqiud crystalline material (10) is 
sealed between Ihe substrates (2, 3; 102, 103) and Ihe spacers (4; 104) before Ihe step of 
forming said through hole (5; 105). 

13. A method according to claim 9, in which said Ihrough hole (5; 105) is formed 
by a method chosen among stamping, mechanical drilling, laser drilling, powder blasting and 
water jetting. 

14. A method according to any one of claims 9-13, in which the spacers (104) are 
made by ink jet printing monomers, polymers, reactive polymers or a mixture of two or three 
of these components (112) on the first substrate (102) foUowedby one or more curing steps. 
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15. A method according to any one of claims 9-13, in wHch the spacers (4) are 

made by forming a photosensitive film (12) on Hie first substrate (2) followed by illumination 
and removal of those parts of the film (12) surrounding those parts that are to become the 
spacers (4). 
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ABSTRACT: 



A display panel (1) has a first substrate (2) and a second substrate (3). The 
substrates (2, 3) are provided with electrodes (8, 9) and are separated from each other by a 
plurality of spacers (4). Holes (5) extend through the spacers (4) and the substrates (2, 3) and 
thus form through holes (5) extending through the display panel (1) making it permeable to 
gases and/or liquids. The substrates (2, 3) and the spacer (4) form the wall (6) of the 
respective through hole (5) and thus a space (7) can be sealed between the two substrates (2, 
3) without any risk of leakage. 

Fig.l 



